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ジs	 Our	 findings	high旭ight	an	age､re旭ated	 increase	 in	 the	 impact	of	 inbreeding	on	a	
fitness､re旭evant	trait	ｪdisease	stateｫ	among	fema旭ess	This	re旭ationship	is	consistent	




ズs	 Whichever	mechanism	 causes	 the	 observed	 patternsp	 we	 have	 shown	 that	 in-
breeding	can	 inf旭uence	age､dependent	patterns	of	disease	andp	by	extensionp	 is	
旭ike旭y	to	affect	the	magnitude	and	timing	of	the	旭ate､旭ife	dec旭ines	in	components	of	
fitness	 that	characterise	 senescences	Better	understanding	of	 sex､specific	 旭inks	
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ゲ科 |科INTRODUC TION
Inbreeding	depression	describes	a	reduction	in	the	fitness	of	offspring	
of	 re旭ated	 individua旭s	 ｪChar旭esworth	ｹ	Char旭esworthp	 ゲゾ芦ゼq	Darwinp	




























Thanks	 to	 the	 existence	 of	 severa旭	 exemp旭ary	 demographic	
study	 systemsp	 actuaria旭	 senescence	 ｪincreasing	 risk	 of	 morta旭ity	
with	 increasing	 ageｫ	 and	 age､	dependent	 dec旭ines	 in	 other	 fitness	
components	 have	 now	 been	 documented	 in	 natura旭	 popu旭ations	
ｪBeirnep	Waringp	McDona旭dp	De旭ahayp	ｹ	Youngp	ゴグゲ葦q	B爾rub爾p	Festa､	
Bianchetp	 ｹ	 Jorgensonp	 ゲゾゾゾq	 Loisonp	 Festa､	Bianchetp	 Gai旭旭ardp	
Jorgensonp	 ｹ	 Ju旭旭ienp	 ゲゾゾゾq	 Nusseyp	 Froyp	 Lemaitrep	 Gai旭旭ardp	 ｹ	
Austadp	ゴグゲザｫp	and	genomewide	homozygosityp	caused	by	inbreed-
ingp	 has	 been	 shown	 to	 exaggerate	 age､	dependent	 trajectories	 of	
morta旭ity	and	performance	ｪKe旭旭erp	Reidp	ｹ	Arcesep	ゴググ芦q	Reyno旭ds	
et	a旭sp	 ゴググゼq	 Snoke	 ｹ	 Promis旭owp	 ゴググザq	 Swinde旭旭	 ｹ	 Bouzatp	 ゴググ葦q	
Wi旭son	et	a旭sp	ゴググゼp	ゴググ芦ｫs	In	humansp	inbreeding	has	been	旭inked	to	
the	旭ate	onset	of	a	range	of	diseases	ｪRudan	et	a旭sp	ゴググザｫs	Howeverp	
empirica旭	 data	 旭inking	 inbreeding	 depression	 to	 infection	 and	 dis-
ease	are	very	旭imited	in	wi旭d	popu旭ations	ｪSpie旭manp	Brookp	Briscoep	
ｹ	Frankhamp	ゴググジq	Townsend	et	a旭sp	ゴググゾｫs	Recent	examp旭es	of	in-
breeding	 depression	 in	 immuno旭ogica旭	 responses	 to	 pathogen	 ex-
posure	 inc旭ude	 song	 sparrows	 ｪMelospiza melodiaｫ	 ｪReidp	Arcesep	ｹ	
Ke旭旭erp	 ゴググザｫp	American	 crows	 ｪCorvus brachyrhynchosｫ	 ｪTownsendp	
C旭arkp	 McGowanp	 Mi旭旭erp	 ｹ	 Buck旭esp	 ゴグゲグｫ	 and	 Tasmanian	 devi旭s	




Sex	 differences	 in	 susceptibi旭ity	 to	 disease	 are	 we旭旭	 known	 in	
humansp	 domesticated	 and	 wi旭d	 anima旭s	 ｪAustad	 ｹ	 Fischerp	 ゴグゲ葦q	
Boumanp	Heinemanp	 ｹ	 Faasp	 ゴググズq	 Guerra､	Si旭veira	 ｹ	Abad､	Franchp	
ゴグゲザq	Mark旭e	ｹ	Fishp	ゴグゲジq	Schuurs	ｹ	Verheu旭p	ゲゾゾグq	Zuk	ｹ	McKeanp	
ゲゾゾ葦ｫs	Ma旭es	are	common旭y	more	susceptib旭e	to	disease	in	mamma旭s	








pattern	 in	ma旭es	 re旭ative	 to	 fema旭ess	 A旭ternative旭yp	 disease､	induced	






ing	 ageｫq	 age､	dependent	 sensitivity	 to	 diagnostic	 testsq	 and	 genera旭	

















exposed	to	Mycobacterium bovisp	 the	pathogen	responsib旭e	 for	bo-
vine	 tubercu旭osis	 ｪbTBｫs	There	 is	evidence	 from	a	 range	of	 species	
that	host	genotype	has	an	inf旭uence	on	the	outcome	of	tubercu旭o-






旭ines	of	mice	 segregate	 into	 resistant	and	susceptib旭e	phenotypesp	
with	no	intermediates	ｪBri旭esp	ゴグゲゴｫs	Inbreeding	depression	has	been	
旭inked	to	increased	susceptibi旭ity	to	M. bovis	infection	in	African	旭ions	
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旭ife	 reservoir	 of	 M. bovis	 and	 is	 invo旭ved	 in	 the	 transmission	 and	
persistence	of	bTB	 in	catt旭es	The	socia旭	 structurep	kin	structure	and	
dispersa旭	 patternsp	 typica旭	 of	 high､	density	 badger	 popu旭ationsp	 are	
known	to	inf旭uence	mating	patterns	ｪCarpenter	et	a旭sp	ゴググズｫp	increas-
ing	 the	 旭ike旭ihood	 of	 mating	 between	 re旭atives	 ｪSzu旭kin	 ｹ	 She旭donp	











more	 recentp	 pedigree､	based	 findings	 reported	 that	 ズ鯵	 of	matings	
were	 among	 kin	 ｪDugda旭e	 et	a旭sp	 ゴググゼｫs	 The	 badger	 system	 is	 we旭旭	
suited	to	the	study	of	旭inks	between	agep	sex	and	inbreedingp	because	
age､	re旭ated	 dec旭ines	 in	 immune	 ce旭旭	 te旭omere	 旭ength	 and	 cytokine	
responses	 have	 been	 documented	 in	 both	 sexes	 ｪBeirnep	 De旭ahayp	
Haresp	ｹ	Youngp	ゴグゲジq	Beirne	et	a旭sp	ゴグゲ葦ｫp	and	sex	differences	in	com-
ponents	 of	 immunity	 have	 a旭so	 been	 reported	 ｪBeirne	 et	a旭sp	 ゴグゲ葦ｫs	
Evidence	of	both	reproductive	ｪDugda旭ep	Popep	Newmanp	Macdona旭dp	
ｹ	Burkep	ゴグゲゲｫ	and	body	mass	senescence	ｪBeirnep	De旭ahayp	ｹ	Youngp	
















ゴ科 |科MATERIAL S AND METHODS
ゴsゲ科|科Badger samp旭ing and TB diagnostic tests
A旭旭	 data	 used	 in	 these	 ana旭yses	 were	 co旭旭ected	 from	 the	 cap-
ture･mark･recapture	 study	 of	 a	 wi旭d	 popu旭ation	 of	 badgers	 at	




the	 detection	 of	M. bovis	 by	 cu旭ture	 ｪGa旭旭agher	 ｹ	 Horwi旭旭p	 ゲゾゼゼｫs	






We	 considered	 on旭y	 those	 badgers	 of	 known	 age	 ｪisesp	 first	
trapped	 as	 cubsｫ	 and	 for	 which	 we	 had	 a	 genotypes	 The	 badger	





to	 the	ana旭ysiss	A旭though	a旭旭	 the	diagnostic	 tests	have	 their	 旭imita-
tionsp	the	combination	of	test	resu旭ts	provide	bio旭ogica旭旭y	meaningfu旭	
information	on	the	incidence	and	subsequent	progression	of	infec-
tion	 within	 individua旭s	 ｪTom旭insonp	 Chambersp	 Carterp	 et	a旭sp	 ゴグゲザq	
Tom旭insonp	 Chambersp	 Wi旭sonp	 McDona旭dp	 ｹ	 De旭ahayp	 ゴグゲザｫs	 TB	
progression	 in	badgers	 is	assumed	to	be	one	way	 ｪisesp	 infected	 in-
dividua旭s	do	not	recoverｫ	ｪGa旭旭agherp	Moniesp	Gavier､	Widenp	ｹ	Ru旭ep	
ゲゾゾ芦q	 Graham	 et	a旭sp	 ゴグゲザｫs	 Outcomes	 of	 the	 different	 diagnostic	
tests	ref旭ect	different	stages	of	infectionp	from	ear旭y	ｪce旭旭､	mediated	







ゴグゲ葦q	 Drewep	 Tom旭insonp	Wa旭kerp	 ｹ	 De旭ahayp	 ゴグゲグｫs	 Howeverp	 a旭旭	
tests	 used	 are	 high旭y	 specific	 ｪgamma､	interferon	 assayr	 ゾゼ鯵	 spe-
cific	 ｪBuzdugan	 et	a旭sp	 ゴグゲ葦q	 Hodgson	 ｹ	 McDona旭dp	 ゴグゲ芦ｫp	 Brock	





ゴsゴ科|科Genotyping and measures of inbreeding






the	ゴゴ	microsate旭旭ite	markers	were	 tested	on	 the	 imputed	dataset	
using	the	hwtest	function	in	wadegenetpx	and	none	were	identifieds	
ジ科 |科 科架Journal of Animal Ecology BENTON ET AL.
Homogeneity	of	variance	among	旭oci	was	confirmed	ｪp	┎	グsゼ芦ｫ	using	
Bart旭ettvs	tests
In	 the	absence	of	 a	detai旭ed	pedigreep	 inbreeding	was	 inferred	
using	measures	of	mu旭ti旭ocus	heterozygosity	ｪJombartp	ゴググ芦q	Ke旭旭er	









A旭旭	 statistica旭	 ana旭yses	were	 conducted	 in	R	 version	ザsザsゴ	 ｪR	Core	
Deve旭opment	 Teamp	 ゴグゲ葦ｫp	 using	 mixed､	effects	 mode旭s	 using	 the	
package	 LME4	 ｪvゲsグ､	ズｫ	 ｪBatesp	ゴグゲグｫs	 In	a旭 旭 	ana旭ysesp	we	regressed	the	
antibody	response	ｪBrock	ELISA	or	Stat､	Pak	antibody	test	resu旭tｫ	of	each	
badger	on	each	samp旭ing	occasionp	as	a	binary	response	variab旭e	ｪan-
tibody	positive	or	negativeｫp	against	 the	age	 ｪmeasured	 in	quarter､	
yearsｫp	homozygosity	 ｪmeasured	as	ゲ､	MLHｫ	and	sex	of	 the	badgerp	
and	their	interactionss	As	there	is	evidence	that	antibody	test	sen-







by	 inc旭uding	 year	 as	 a	 random	 effects	 Fina旭旭yp	 we	 considered	 the	




possib旭y	with	 sex､	re旭ated	 differencess	 This	 required	 testing	 of	 the	
homozygosity､	by､	age､	by､	sex	 interactions	We	 checked	 the	 robust-






effectsp	 in	which	 individua旭	marker	 旭oci	 are	 responsib旭e	 for	 fitness	
consequencesp	 旭oca旭	 effectsp	 in	 which	 individua旭	 旭oci	 are	 旭inked	 to	
genes	 that	affect	 fitnessq	and	genera旭	effectsp	 in	which	 inbreeding	
depression	 is	caused	by	genomewide	homozygosity	 ｪDavidp	ゲゾゾ芦ｫs	
We	distinguished	between	 旭oca旭	and	genera旭	effects	of	 inbreeding	
by	 regressing	 antibody	 response	 against	 age	 and	 the	 homozygos-
ity	at	each	marker	旭ocusp	using	separate	mode旭ss	We	used	the	same	
random	effects	structure	ｪbadgerp	yearp	socia旭	groupｫs	Individua旭	旭oci	














error	 for	 the	badger	 genotypes	were	 ca旭cu旭ated	using	 the	 wgゴｧmi-
crosatsx	 function	 within	 the	 R	 package	 INBREEDR	 ｬズゲｭs	 Fo旭 旭owing	
the	methodo旭ogy	in	a	simi旭ar	study	ｪHarrisonp	Yorkp	Cramp	ｹ	Youngp	
ゴグゲザｫp	 a	 randomisation	 approach	was	 used	 to	 quantify	 the	 corre-
旭ation	 between	 inbreeding	 estimates	 and	 heterozygosity	 ｪBa旭旭ouxp	
Amosp	ｹ	Cou旭sonp	 ゴググジｫ	 and	 to	 ca旭cu旭ate	 the	 heterozygosity･het-
erozygosity	 corre旭ation	 ｪBa旭旭oux	 et	a旭sp	 ゴググジｫ	 between	 microsate旭-
旭itess	Weak	 but	 significant	 identity	 disequi旭ibrium	was	 detected	 in	
the	 genotype	 dataset	 of	 the	who旭e	Woodchester	 Park	 popu旭ation	
ｪgゴ	┎	グsググズp	SD	┎	グsグググ葦p	p	┎	グsグゲ	based	on	ゲググ	 iterationsｫs	A	sig-





sion	 ｪS旭ate	 et	a旭sp	 ゴググジｫs	 Heterozygosity	 and	 inbreeding	 estimates	










or	 旭ow	 trait	va旭uess	This	 is	 important	 in	our	 study	system	because	
high､	density	 badger	 popu旭ations	 exhibit	 distinct	 socia旭	 and	 spatia旭	
structure	ｪRoperp	ゴグゲグｫs	We	tested	for	heterogeneity	in	homozygos-
ity	among､	badger	socia旭	groups	and	regressed	group､	旭eve旭	homozy-




The	 censored	dataset	 comprised	ザゼゲゴ	 capture	 eventsp	 from	ゲゾゾグ	
to	 ゴグゲゲp	 of	 ジゾグ	 individua旭	 exposed	 badgers	 of	 known	 ages	 The	
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旭ike旭ihood	of	detecting	 an	 antibody	 response	 to	bTB	 ｪhere	 consid-
ered	 indicative	of	progressed	 infectionq	 see	aboveｫ	 increased	with	
ages	 This	 resu旭t	 he旭d	 whether	 age	 was	 mode旭旭ed	 as	 a	 continuous	
ｪ2
1






on旭y	 among	 fema旭es	 ｪinteraction	 between	 agep	 homozygosity	 and	
sexp	2
1
	┎	ゲ葦sジザp	p < グsググゲq	 Figure	ゲq	 a旭so	 robust	 to	 fitting	 age	 as	 a	
categorica旭	main	 effectp	2
1
	┎	ゲゾsジゲp	p < グsググゲｫs	Overa旭旭p	 high旭y	 out-










depend	 on	 marker､	wide	 homozygosity	 ｪFigure	ゲbｫs	 In	 both	 sexesp	
there	is	no	re旭ationship	between	homozygosity	and	evidence	of	pro-
gressed	disease	 in	 cubs	 ｪbadgers	 aged	 旭ess	 than	ゲq	 z	 test	 of	 s旭ope	
using	 regression	 mode旭	 with	 age	 as	 categorica旭	 variab旭e	 c旭assified	
into	└ゲ	year	and	┒ゲ	yearq	zfema旭e	└	ゲ	┎	┋ゲs葦ジp	p = 0.10; zma旭e	└	ゲ	┎	┋グs葦ゴp	








gosity	 as	main	 effectp	 intensifying	with	 age	 in	 both	 sexesp	 but	 es-
pecia旭旭y	among	fema旭ess	Fo旭旭owing	remova旭	of	these	important	旭ocip	
howeverp	 there	 remained	 a	 significant	 interaction	 between	 mu旭ti-
旭ocus	homozygosity	 and	 agep	 in	 their	 effect	 on	 antibody	 response	
ｪ2
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Our	 test	 for	 the	Wah旭und	effect	 ｪSinnockp	ゲゾゼズｫ	 revea旭ed	 that	
badger	 socia旭	 groups	 varied	 significant旭y	 in	 旭eve旭s	 of	 homozygos-
ity	 ｪ2
37
	┎	ゲゴジsザジp	p < グsググゲｫp	but	with	high	 旭eve旭s	of	 among､	badger	
variation	 ｪFigure	ゴaｫs	Howeverp	 at	 the	 socia旭	 group	 旭eve旭	 there	was	
no	evidence	of	a	旭ink	between	mean	inbreeding	and	the	preva旭ence	
of	 positive	 antibody	 responses	 to	 M. bovis	 ｪ2
1
	┎	グsゲグp	 p	┎	グsゼジゼp	






We	 have	 demonstrated	 a	 旭ink	 between	 mu旭ti旭ocus	 homozygosity	
ｪindicative	of	inbreeding	among	badgersｫp	age	and	the	旭ike旭ihood	of	
detecting	signs	of	progressed	diseases	This	is	evident	main旭y	among	
fema旭e	badgerss	Ma旭es	show	an	 increase	 in	disease	 incidence	with	
increasing	agep	but	with	no	旭ink	to	inbreeding	ｪexcept	in	our	regres-
sion	mode旭	 that	 removed	 a	 subset	 of	 five	 important	marker	 旭ociｫs	
Simi旭ar	 旭inks	 between	 inbreeding	 and	 age､	dependent	 fitness	 com-









We	 found	 evidence	 for	 旭oca旭	 effects	 of	 homozygosity	 on	 the	
re旭ationship	between	 inbreedingp	age	and	progressed	diseasep	at	a	




with	 known	 immune	 function	 ｪAcevedo､	Whitehouse	 et	a旭sp	 ゴググズｫs	
Howeverp	we	a旭so	found	residua旭	evidence	for	genera旭	ｪand	non､	sex､	
specificｫ	 effects	 of	mu旭ti旭ocus	 homozygosityp	 fo旭旭owing	 fi旭tering	 of	
the	 individua旭旭y	 important	 旭ocis	Thisp	coup旭ed	with	significant	 iden-









1bl 0.180 0.775 0.545
1bm グsゾザゼ 0.310 0.565
ゲbs 0.262 グsゼゾ芦 0.437
ゲbx旭 0.045 4.11 × 10┋ジ 0.410
ゲg旭 グsグゾ芦 0.285 0.067
ゲgm 0.205 0.005 0.807
ゲgs グs葦ゾゲ 0.143 0.012
ゲgx旭 グsゼゾゴ グsゲグゾ 0.058
ゲys 0.177 0.716 グsゾゾグ
ゲyx旭 0.733 0.017 0.533
ゴbs 0.388 0.306 2.55 × 10┋ゼ
ゴbx旭 0.567 0.074 グsググゾ
ゴg旭 0.410 0.577 0.801
ゴgs 0.878 0.660 1.6 × 10┋ズ
ゴgx旭 0.053 0.086 0.107
2yl 0.364 0.026 0.286
ゴys グs芦葦ゾ 3.22 × 10┋ズ 0.670
m1 グsゾゴゾ グsズゼゾ 0.156
m10 グsググゾ 0.046 0.047
m12 5.12 × 10┋ジ 4.41 × 10┋ゼ ゾsゼグ ┌ ゲグ┋ジ
m14 0.060 グsゲグゾ グsゾグ芦
m15 0.057 0.855 グsゾザゾ
Notes	In	a旭旭	casesp	Wa旭dvs	chi､	squared	tests	were	used	to	assess	significancep	based	on	mixed､	effects	
mode旭s	with	binary	responsep	旭ocus	homozygosity	as	fixed	effectp	and	random	effects	of	badgerp	year	
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wgenera旭	effectx	hypothesis	for	inbreeding	depressionp	in	which	neu-
tra旭	marker	旭oci	are	corre旭ated	with	genomewide	heterozygositys	We	





of	 the	 timing	of	 exposure	 to	 infectionp	we	 cannot	 tease	 apart	 the	




























et	a旭sp	 ゴグゲゼｫs	 In	 some	 casesp	 旭esions	 deve旭op	 and	 remain	 dormantp	
with	badgers	 remaining	 in	 this	 旭atent	 phase	 throughout	 their	 旭ives	




ゴグググｫs	 Inbreedingp	 and	 its	 effects	 on	 immune	 function	 in	 ageing	
badgersp	might	determine	this	transition	from	旭atency	to	progressed	
infectionp	and	hence	to	 infectiousnesss	Age､	re旭ated	dec旭ines	 in	 im-
mune	system	performance	have	been	demonstrated	using	ex	vivo	
assays	of	components	of	 immunity	 in	badgers	 ｪBeirne	et	a旭sp	ゴグゲジp	
ゴグゲ葦ｫs	 Individua旭	homozygosity	cou旭d	therefore	determine	rates	of	
attrition	in	immunocompetence	in	badgersp	providing	one	potentia旭	





bTB	 infection	 in	 this	 study	popu旭ation	wi旭旭	 be	 to	 seek	evidence	of	
旭ate､	旭ife	 increases	 in	the	age､	specific	probabi旭ities	of	 infectionp	dis-
ease	progression	and	disease､	re旭ated	morta旭ity	ｪnow	a	key	focus	of	
our	workｫs
ジsゴ科|科Behavioura旭 changep age and inbreeding
The	 patterns	we	 observed	 in	 this	 study	 are	 a旭so	 consistent	with	
a	 旭ink	 between	 inbreeding	 and	 behaviours	 that	 cause	 increased	
exposure	 to	M. bovis	 infections	 It	 is	 a旭so	 possib旭e	 that	 inbreeding	
differentia旭旭y	increases	the	instantaneous	risk	of	disease	exposure	
among	o旭der	 badgerss	 For	 examp旭ep	 the	 旭ate､	旭ife	 dec旭ines	 in	 body	
condition	observed	 in	badgers	of	both	 sexes	 ｪBeirne	et	a旭sp	ゴグゲズｫ	
cou旭d	be	exacerbated	in	more	inbred	individua旭ss	Knock､	on	effects	




of	 infection	 or	 infectious	 badgers	 ｪor	 other	 host	 speciesｫs	 Socia旭	

















any	causa旭	 re旭ationship	between	 inbreedingp	 socia旭	behaviour	and	
disease	remains	prob旭ematicr	are	socia旭旭y	connected	badgers	more	
旭ike旭y	to	get	infectedp	or	does	being	infected	change	individua旭	be-
haviourn	 The	 possibi旭ity	 that	 a	 simi旭ar	 phenomenon	 is	 observed	
among	o旭der	and｠or	more	inbred	badgers	has	yet	to	be	investigateds





the	 inf旭uence	 of	 bTB	 infections	 Ma旭e	 badgers	 have	 an	 intrinsica旭旭y	
higher	morta旭ity	than	fema旭esp	regard旭ess	of	their	bTB	infection	status	
ｪGraham	et	a旭sp	ゴグゲザｫs	Ma旭e	badgers	are	known	to	experience	faster	
progression	 of	 bTB	 once	 infected	 show	weaker	 immune	 responses	
ｪBeirne	 et	a旭sp	 ゴグゲ葦q	 Tom旭insonp	 Chambersp	 Carterp	 et	a旭sp	 ゴグゲザq	
Tom旭insonp	Chambersp	Wi旭sonp	et	a旭sp	ゴグゲザｫ	and	experience	a	higher	
rate	 of	 disease､	induced	 morta旭ity	 compared	 to	 fema旭es	 ｪGraham	
et	a旭sp	ゴグゲザq	McDona旭d	et	a旭sp	ゴグゲジｫs	 It	 is	possib旭e	that	 investment	in	
intrasexua旭	 competition	 diverts	 resource	 away	 from	 investment	 in	






et	a旭sp	 ゴグゲジｫp	 because	ma旭e	 badgers	 common旭y	 range	 beyond	 socia旭	
group	boundaries	and	are	more	旭ike旭y	to	engage	in	aggressive	behav-
iours	 that	might	 transmit	 infection	 via	 biting	 for	 examp旭e	 ｪDe旭ahay	
et	a旭sp	ゴググ葦q	Macdona旭dp	Harmsenp	Johnsonp	ｹ	Newmanp	ゴググジｫs
The	ana旭yses	presented	here	cannot	determine	whether	旭inks	be-










ジsジ科|科Imp旭ications for management of bTB
The	 amount	 of	 infectious	 bacteria	 shed	 by	 an	 infectious	 badger	
is	 re旭ated	 to	 the	 extent	 of	 patho旭ogica旭	 progression	 ｪNo旭anp	 ゲゾゾゲｫq	




progressed	diseases	Howeverp	 their	 importance	 for	disease	 spread	
wi旭旭	depend	on	whether	they	are	a旭so	responsib旭e	for	a	greater	share	
of	infectious	contacts	ｪdirect	or	indirectｫ	with	other	hostss
Our	 findings	have	 re旭evance	 to	 the	management	of	TB	 in	bad-
ger	and	catt旭e	popu旭ationss	For	examp旭ep	variation	in	immunogenetic	
profi旭es	among	badgers	may	p旭ay	an	important	ro旭e	in	M. bovis	trans-
mission	 and	persistence	within	 socia旭	 groups	 and	potentia旭旭y	 sca旭e	
up	 to	 popu旭ation､	旭eve旭	 effectss	 If	 sing旭e	 旭oci	 are	 powerfu旭	 predic-
tors	of	TB	progressionp	as	suggested	here	and	as	found	in	wi旭d	boar	
ｪAmos	ｹ	Acevedo､	Whitehousep	ゴググゾｫp	 then	 targeted	management	
of	 susceptib旭e	 genotypes	might	 be	 an	 effective	means	 of	 disease	
contro旭s	 If	 inbreeding	depression	 is	 indeed	caused	by	genomewide	











a旭ter	 the	 genetic	 structure	 of	 their	 popu旭ationsp	 either	 by	 increas-
ing	旭eve旭s	of	inbreeding	through	reducing	density	and	an	associated	
compensatory	 recruitment	 of	 cubs	 ｪMcDona旭d	 et	a旭sp	 ゴグゲ葦ｫp	 or	 by	
decreasing	 inbreeding	 as	 surviving	 individua旭s	 range	 more	 wide旭y	
ｪRiordanp	 De旭ahayp	 Cheesemanp	 Johnsonp	 ｹ	 Macdona旭dp	 ゴグゲゲｫp	 in-
creasing	mixing	among	 remaining	groupss	Our	 resu旭ts	high旭ight	 the	
importance	 of	 considering	 the	 ro旭e	 that	 host	 genotype	 p旭ays	 on	
disease	 outcomesp	 an	 area	 which	 unti旭	 recent旭y	 has	 been	 旭arge旭y	
over旭ooked	ｪA旭旭en	et	a旭sp	ゴグゲグｫs	Understanding	how	host	genetics	in-
f旭uence	pathogen	outcomes	can	he旭p	inform	epidemio旭ogica旭	mode旭s	





Our	 findings	 strong旭y	 suggest	 that	 inbreeding	 intensifies	 an	 age､	
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tease	 apart	 the	 possib旭e	 immuno旭ogica旭p	 behavioura旭	 or	 condition､	















by	 the	 University	 of	 Exeters	 Work	 on	 badgers	 was	 carried	 out	
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